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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 
 اﻟﺨﻼﺻـــــــــــــﻪ
 
ﻗﺼѧѧﺪ ﺑﻬѧѧﺬا اﻟﺒﺤѧѧﺚ إﻳﺠѧѧﺎد ﺣﻠѧѧﻮل ﻋﻠﻤﻴѧѧﻪ و ﻋﻤﻠﻴѧѧﻪ ﻟﻔѧѧﻚ إﺧﺘﻨﺎﻗѧѧﺎت ﺷѧѧﺒﻜﺔ ﺗﻮزﻳѧѧﻊ  
اﻟﻜﻬﺮﺑѧѧﺎء ﻓѧѧﻰ ﻡﻨﻄﻘѧѧﺔ وﺳѧѧﻂ ﻡﺪﻳﻨѧѧﺔ اﻟﺨﺮﻃѧѧﻮم و اﻟﻌﻤѧѧﻞ ﻋﻠѧѧﻰ ﺗﻄﻮﻳﺮهѧѧﺎ ﻻﺳѧѧﺘﻴﻌﺎب آѧѧﻞ 
  م 8102 اﻻﺣﻤﺎل اﻟﻤﺴﺘﻘﺒﻠﻴﻪ اﻟﻤﺘﻮﻗﻌﻪ وو ﺿﻊ ﺧﻄﺔ ﻋﻤﻞ ﻟﺬﻟﻚ ﺣﺘﻰ اﻟﻌﺎم
اﻋﺘﻤѧѧѧﺪت هѧѧѧﺬﻩ اﻟﺪراﺳѧѧѧﻪ ﻓѧѧѧﻰ ﺝﻤѧѧѧﻊ اﻟﻤﻌﻠﻮﻡѧѧѧﺎت ﻋѧѧѧﻦ اﻟﺸѧѧѧﺒﻜﻪ و اﺣﻤﺎﻟﻬѧѧѧﺎ ﻋﻠѧѧѧﻰ  
اﻟﻤﻌﻠﻮﻡѧѧﺎت اﻟﻤﺘѧѧﻮﻓﺮﻩ ﻟѧѧﺪى اﻟﻬﻴﺌѧѧﻪ اﻟﻘﻮﻡﻴѧѧﻪ ﻟﻠﻜﻬﺮﺑѧѧﺎء ﺑﻤﻮﺝѧѧﺐ ﺧﻄﺘﻬѧѧﺎ ﻃﻮﻳﻠѧѧﺔ اﻟﻤѧѧﺪى و 
 وزارة  اﻟﺘﺨﻄﻴﻂ اﻟﻌﻤﺮاﻥﻰ ﺑﻮﻻﻳﺔ اﻟﺨﺮﻃﻮم 
إﻋﺘﻨﻰ هﺬا اﻟﺒﺤﺚ ﺑﺎﻟﺪراﺳﻪ اﻟﻌﻤﻴﻘﻪ ﻟﺸﺒﻜﺔ اﻟﺘﻮزﻳﻊ اﻟﺤﺎﻟﻴѧﻪ و ﻡѧﻦ ﺛѧﻢ رآѧﺰ ﻋﻠѧﻰ  
 ك ف 11/33/011أﻗﺘﺮاح اﻟﺤﻠﻮل اﻟﺸﺎﻡﻠﻪ ﻟﻠﺸﺒﻜﻪ ﺣﺘﻰ ﻡﺴﺘﻮى  اﻟﻤﺤﻄﺎت اﻟﺘﺤﻮﻳﻠﻴѧﻪ  
وﺑﻌѧﺪ و ﺿѧﻊ اﻟﻤﻮاﺹѧﻔﺎت .  ك ف اﻟﻤﻐﺬﻳﻪ ﻟﻬﺎ ﻡѧﻦ اﻟﺸѧﺒﻜﻪ اﻟﻘﻮﻡﻴѧﻪ 011و اﻟﺨﻄﻮط ﻓﺌﻪ 
 .ﻪ اﻟﻼزﻡﻪ ﻟﻠﺘﺎآﺪ ﻡﻦ اﻗﺘﺼﺎدﻳﻪ اﻟﻤﺸﺮوعاﻟﻔﻨﻴﻪ ﻟﻠﻤﻘﺘﺮﺣﺎت ﺗﻢ ﻋﻤﻞ اﻟﺘﺤﺎﻟﻴﻞ اﻟﻤﺎﻟﻴ
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ABSTRACT 
 
 It is meant by this research to find a scientific and applicable solution for 
distribution grid bottleneck of Khartoum Center area, also to upgrade the grid so as to 
meet the action plan till the year 2018. 
 This study based on the data about the grid and its loads which was collected 
by National Electricity Corporation for its long term plan and Ministry of 
Construction Planning of Khartoum State. 
 This research deeply studied the existing distribution grid and then gave 
suggestion for complete solution to the grid up to 110/33/11 KV substation and 110 
KV transmission lines which feed from national grid. After the technical specification 
was set a financial analysis was done to ensure the feasibility of the project  
 
  
 
 
 
 
 
CHAPTER ONE 
 
 
 
 
 
INTRODUCTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 2
 
1 
Introduction  
 
 The National Electricity Corporation (N.E.C.) is responsible for the Generation 
Transmission and Distribution of electricity in Sudan. The power system comprise the 
national grid and isolated diesel station. 
 The National Electricity Corporation (N.E.C.) witnessed electricity technology 
in 1908 for the first time, when a small, 100kW, steam power station was installed in 
Burri.  In 1925 Burri Power Station plant capacity increased up to 3000kW.  ln 1956 
four steam turbines (with total capacity of 30MW) were added to Burri Power Station.  
The first hydropower station with a capacity of 15MW was installed to operate in 
Sinnar in 1962.  Another two hydropower stations were built in ELgirba (with 
12.6MW) and Rosseries (with 280MW). 
In 2001 the total capacity in the national grid reached 307.6MW of hydro-
generation and 391.5MW of thermal-generation, and thus the total power generated in 
the national grid attained 700MW.  In Central Khartoum the consumption was 65MW, 
which equalled to 9.3% of the total load at that time. 
The long term plan conducted by the National Electricity Corporation (N.E.C.) 
indicated that the demand for electric power and energy in the Sudan national grid will 
grow from 700MW & 3477 GWH in year 2001 to 1051MW & 5246 GWH respectively 
in the year 2005 and to 1677 MW & 8521 GWH respectively in year 2010.[1] 
To meet this demand, generation facilities are required. The generation option 
in the next few years is composed of the following:  
2003 3x40MW Gas Turbine(Gaili) 
 4x30MW Gas Turbine(Gaili) 
 2x5 MW Diesel (Eastern Grid) 
2004  8x3.6MW Matrix turbine (Jabel Aulia) 
 2x30 MW combined cycle (Gaily) 
2004 2x90MW Steam Turbine (Khartoum north)  
2005 7x40 MW Diesel (Kilo X)   
2006 2x50 MW Steam Turbine (Gaili) 
2007 1200 MW (Marawe Hydro Dam) 
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 The National Electricity Corporation (N.E.C.) operated in the past two separate 
grid systems; the larger of the two was the Blue Nile Grid, and the smaller was the 
Eastern Grid.  In 1990 the two systems were interconnected and now are operating as 
a single entity. 
The transmission system voltages are 220kV, 110kV and 66kV.The distribution 
system is at 33kV and 11kV.  
 The electrical power supply supporting the Khartoum state area was principally 
restructured in 1987 and 1988 by implementation of a new 110kV ring and substations.  
The ring is known as Khartoum Ring, and these substations are known as: Magirus, 
Forest, Omderman, Mahdia, Kuku, Khartoum North and Kilo X substations.  The 
substations replaced the previous radial supply from Kilo X and Khartoum North.         
 By this modification the supply improved and became more reliable.  Now the 
ring is being fed by:200 MW through the 220KV Kilo X substation coming from 
Rosseries hydropower station; and 180MW coming from the thermal power station in 
Khartoum North. 
 In addition to the new total generation, additional transmission system 
reinforcements are required.    
 At the time when the ring relied upon Phase I of the system, the capacity of 
Phase I was 70MVA in Magirus and 70MVA at Forest.  It was required at that time 
due to the limited load demand, but for the seen future the existing system must be 
enhanced by a second exclusive system under name Phase II.  Phase II is intended to 
increase the capacity at the ring substations. 
 This research concerning the question of how to meet the growth of central 
Khartoum, and we know that the power capacity increased in Khartoum area faster 
than expected.  Therefore NEC decided in 2000 to start with implementing Phase II of 
the system; where the overhead line to supply substations was designed to carry double 
of the existing capacity, and the additional substations already designed too. 
 To comply with the rapid increasing in power demand, NEC decided to install a 
new power station at AL-Gaily with a capacity of 300 MW (presently is under 
construction), and a 220kV transmission line installed to Eid Babekir (Khartoum 
North) and then to Kilo X.Owing to this additional power the new extension of 110kV 
ring must be supported by a second circuit. 
 While many new businesses in Central Khartoum need most reliable and 
flexible power supply; the single bus bar system and one circuit of transmission line of 
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Khartoum ring will also be extended with a double circuit system, comprises control, 
protection facilities, and telecommunication facility. 
 The Sudan for the time being and the future is under the focus of many Arab 
investments which will concentrate in the centre of Khartoum. 
 Some buildings already exist, many new buildings are under construction, and 
the majority are projected to be realized in the near future.  Therefore, now it is 
necessary to start upgrading substations at Khartoum area urgently.  The fact to be 
mentioned here is that the upgrading works have to be realized without interrupting the 
supply of power to the existing consumers. And this study is a research to meet the 
plan up to year 2018. 
 According to a careful examination of Central Khartoum master plan the load is 
concentrating at the area near the White Nile, the area surrounding the United Nation 
Circle, and the area between Almak-Naimer Avenue and the Blue Nile Bridge 
Avenue.  The loads at these areas are developing gradually according to the load 
forecasted in these areas taking into consideration the capacity of the main supply of 
the new substation.  The focus in this study is to be on 33kV level for the feeders and 
11 KV switchgear. 
 This research will explain in detail the development of central Khartoum in 
chapter two. Then the existing system will be presented in chapter three. Next the 
method used to estimate the load forecast in chapter 4 and the upgrading of the system 
in chapter 5. 
 The main goal of this research is to upgrade the network at Khartoum center 
according to the load estimation and to build the substations according to NEC 
specification, and to show how the NEC could implement this study in chapter six. 
 In chapter seven economic analysis is performed done and it is concluded that it 
is feasible to do it in one phase 
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CHAPTER TWO 
 
 
 
 
 
Development of 
central Khartoum 
distribution system 
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2 
Main Substation 
  
 Khartoum is the capital and the largest city in the Sudan and consists of three 
towns, Khartoum, Khartoum north and Omderman and their suburbs. The population 
projections for Khartoum area is shown on the table below 
 
Khartoum Area Populations 
 
YEAR POPULTION 
1977 995000 
1980 1242000 
1990 1669000 
1995 1910000 
2000 4790290 
  
  
 In 1979 the total of electricity consumption in Khartoum area was 96 GWH 
shared between the different consumers (Residential, Agricultural, Industrial, 
commercial and interdepartmental consumers) 
 Khartoum area at that time supplied by electrical energy from three main 
substations  
Kuku substation  
 This substation was connected from KiloX substation through two links of 110 
KV, and the installed capacity was 3 x 30 MVA which at that time was enough to 
supply Khartoum north plus part of Omderman city and Burri area  
Kilo X substation  
 This substation was connected by 220 KV lines from Maringan and the total 
capacity was 2 x 12.5 MVA  
Burri substation  
 This substation was connected through five links from Kuku substation. 
 
The installed capacities at these sites are: 
 Kuku substation  
3x30 MVA to supply all area of Khartoum north and supply Burri power station by 
three links 33Kv. 
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 Kilo X substation  
2x12.5 MVA supplying soba area, Jabal Awlia area and linked to Burri power station 
by a 33 KV over head line  
 Burri substation  
 It is the main substation which supplies the whole area of Khartoum 
center.(33KV and 11KV feeders.) 
 The maximum demand of Khartoum area in 1979  was 86.7 MW. 
NEC has stated the implementation of power Ш project which was intended to 
increase the power generation and transformer capacity in the Blue Nile grid from 
which Khartoum city was being supplied till 1989 as follows: 
 
 
Roseires  Power station  130 MW 
Burri power station  60 MW 
Khartoum north power station  60 MW 
 
The supply area will be reinforced up to 1984 by the following :-  
 
1. Additional 60 MVA transforming capacity at Khartoum north 
2. 40 MW generating plant at Burri 
3. 60 MW generating plant at Khartoum north  
4. Stringing of second circuit 220 KV line Rosaries – Kilo x 
 
 In the same period NEC purchased 33 KV substations from Poland. Three of the 
substations were constructed in Khartoum area as follows: 
 
CEWA 2x5 MVA 
Pumping station  2x5 MVA 
Rajab  2x10 MVA 
 
Long Term Plan 
 
 NEC together with two international consulting firms had recently formulated a 
long term power plan for the period of 1985 – 2000 which outlines first alterative of 
additional power generation and transmission programmed till the end of the century. 
 In 1988 a plan was drawn up to construct and implement a 110 KV Khartoum 
ring to secure the electrical supply to greater Khartoum. Three major substations (110 
KV, 33 KV, 11 KV) with the total capacity of 70 MVA per each, were constructed in 
Forest, Magirous, Omderman instead of radial line supply from Kilo x and Khartoum 
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north substation. Also ten additional distribution 33/11 KV substations distributed in 
greater Khartoum area, total capacity up to 200 MVA. The transformation capacity is 
as shown in the table below as follows: 
 
Magirous 70 MVA 110/33/11KV Khartoum 
Forest 70 MVA 110/33/11KV Khartoum 
Omderman 70 MVA 110/33/11KV Omderman 
Al Malik 20 MVA 33/11 KV Khartoum 
Arkawit 20 MVA 33/11 KV Khartoum 
Third extension 20 MVA 33/11 KV Khartoum 
Om haraz 20 MVA 33/11 KV Khartoum 
Granfil 20 MVA 33/11 KV Omderman 
Al Shohada 20 MVA 33/11 KV Omderman 
Karari 20 MVA 33/11 KV Omderman 
Shandi 20 MVA 33/11 KV Khartoum north 
Izergab 20 MVA 33/11 KV Khartoum north 
Khartoum north 20 MVA 33/11 KV Khartoum north 
 
This plan was implemented and executed in 1990. 
  
 
 
In the period from 1990 to 2002 some substations in Khartoum center were upgraded 
as follows: 
 
Magirous  From 70 MVA  To 140 MVA 
Kilo x  From 25 MVA To 70 MVA 
Burri From 25 MVA To 50 MVA 
CEWA From 2x5 MVA To 1x5+1x10 
Pumping station  From 2x5 MVA  To 2x10 MVA 
Rajab  From 2x5 MVA To 2x10 MVA 
  
 The upgrading of the above substations needed to up grade the under ground 
cables to and from the source. Also many distribution transformers changed their size. 
500 KVA replaced by 1000 KVA and 300 KVA replaced by 500 KVA and many 
additional consumers connected in the area.   
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CHAPTER THREE 
 
 
 
 
 
 
Existing system 
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3 
 
Existing Network 
 
 Referring to Khartoum single line block diagram of the present 110 kv 
transmission network (Fig 3.0), the Khartoum area consists only of :- 
1 - The double line linking KiloX and   Kuku, Kuku and Khartoum north (2x 240 mm² 
110 KV) 
2 - Single line linking the substations 
Kilox substation 
Magirous substation 
Forest substation 
Omderman substation 
Mahadia substation 
Khartoum north substation 
Izergab substation 
( 2 X 240 mm 110 KV)  
.3 - Burri substation takes the supply from Kuku via five under ground cables 33kv. 
 Khartoum area as it stands is being supplied by electrical energy from the main 
grid substations Kilox ,Magirus,Forest,Omderman,Mahadia, Khartoum north, Kuku 
and Burri. The installed capacities at these sites are: 
Kilo X substation 70 MVA capacity plus 15 MW gas turbine. 
Magirus substation 4x35 MVA capacity 
Forest substation 2x35 MVA capacity 
Omderman substation 2x35 MVA capacity 
Mahadia substation 2x35 MVA capacity 
Khartoum north substation 60 MVA capacity 
Kuku substation 90 MVA capacity 
Burri power station   60 MW generating plants 
Izergab substation 70 MVA capacity 
 The substations supplying Khartoum centre (Fig 3.7) (the area between the Nile 
at the north and west and the main railway station at south and Burri Power station at 
the east).is as following :- 
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a. Burri substation supplies Khartoum centre through two 33 KV feeders 
(Rajab & Pumping station, both are 20 MW) and two transformers 2x25 MVA.  
b. Forest substation supplies Khartoum centre with 30MVA from the  
11KV side and by two feeder 33KV (Al Malik &Cewa  30MVA) 
 The maximum installed capacity supply in Khartoum centre is about 100MVA 
 Khartoum centre is supplied only by two substations, Burri and Forest. And those two 
substations supply all the distribution transformers 
 Burri Substation  
 Referring to single line diagram (Fig 3.1) of Burri substation it is seen that the 33 KV 
busbar is energized from Burri Power Generation (60MVA) and by three link from KuKu 
substation (60 MVA). Two feeders from this busbar supply two of the main substations in 
centre of Khartoum (Rajab and Pumping station) and two feeders supply two big power 
transformer (25 MVA each 33/11 KV), at Burri substation. 
 The transformers 2x25 MVA supply the area of Burri town, Rayad, area around 
Baladia Avenue, University of Khartoum, and Khartoum airport. All these 11 KV cables from 
Burri are old cables and the maximum size is 185 Square mm with maximum distance of 7 
Kilo meters. 
 Rajab substation (2x10 MVA) (Fig 3.2) supplies the Kuwait building, Ministry of 
Foreign Affairs, Al Taka building and the area between Gamma Street and Baladia Street up 
to Al Gasser Street. 
 Pumping Station substation (2x10 MVA) (Fig 3.3) is supplies Tadamon building, 
Khartoum hospital and the area around it. 
 Forest Substation 
 Referring to the single line diagram of Forest substation (Fig 3.4) it is seen  that two of 
the  33 KV feeders supply the substations (Al Malik substation 2x10 MVA,CEWA substation 
(1x10 &1x5 MVA) and eight 11 KV feeders supply the area around Hilton Hotel, Water 
Works, University of Sudan,Mogran area. 
 Al Malik substation (2x10 MVA) (Fig 3.5) supplies the area Khartoum centre market, 
Baraka Bank till the Ministry of commerce. 
 CEWA substation (1x5 + 2x10 MVA) (Fig 3.6) is supplies the area around Sudan 
Hotel, N.E.C., and Ministry of irrigation. 
  In order to release the bottleneck of the existing system and to meet the increase of 
the power demand without any restriction of supply such as load shedding and poor size of 
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cables an improvement of the existing system is to be planned. For this reason first   NEC has 
to complete the double circuit of Khartoum ring (110 KV) so as to increase the capacity of the 
ring 
 
 
Existing Load 
 
The table below shows the existing load now in Khartoum area and in Khartoum Center in 
two different days 24 Hour 
 
Hours of 
the Day 
Load of Khartoum 
area 25/9/02 
(MW) 
Load of Khartoum 
area 29/9/02 
(MW) 
Load of Khartoum 
Center approximate 
(MW) 
1:00 190 178 46
2:00 171 172 42.875
3:00 176 171 43.375
4:00 176 168 43
5:00 166 168 41.75
6:00 188 169 44.625
7:00 227 179 50.75
8:00 260 184 55.5
9:00 281 200 60.125
10:00 266 192 57.25
11:00 177 236 51.625
12:00 234 225 57.375
13:00 249 225 59.25
14:00 256 223 59.875
15:00 271 228 62.375
16:00 256 212 58.5
17:00 248 210 57.25
18:00 244 191 54.375
19:00 263 166 53.625
20:00 257 199 57
21:00 270 241 63.875
22:00 269 196 58.125
23:00 242 172 51.75
0:00 194 155 43.625
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The Table below shows the existing capacity of the substation with the effective  capacity 
 
Name of Zone & 
Substation 
Installed Capacity in 
S/S MVA 
Available Capacity in 
S/S MVA 
AL Malik 2x10 18 
Pumping Station 2x10 8 
Rajab 2x10 10 
From burri 2x25 20 
Forest 2x10 9 
CEWA 1x5 + 1x10 9 
 
Transmission Line Length, Size and Peak load 
2003 
 
Line 
designation  
Conductor 
size  
Length 
(Km.) 
Average 
loading 
(Amp) 
Peak load 
(Amp) 
Remarks 
Forest – Al 
Malik 
300 mm 3.3 320 350  
Forest – 
CEWA 
185 mm 1.35 120 130  
Burri – 
Rajab 
300 mm 2.4 130 140  
Burri – 
Pumping 
Station 
300 mm 3.6 280 320  
Pumping 
Station – Al 
Malik 
185 mm 1.6 0 0 Out of order 
Pumping 
station – 
Rajab 
300  mm 1.9 0 0 Out of order 
Forest – 
Pumping 
station  
 
300 
1.6 cable  
2.0 O/H 
 
280 
320 
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4 
Load forecast  
 Load forecast study is essential in the future expansion of a power generation and the 
network system as well as in determining the best operation on an existing system. This 
research is a study of the system as it will exist for so many years in the future, (about fifteen 
years), and this study will show the estimated load connected to the network.  
 Load forecast for the coming fifteen years, based on the rate of load growth within the 
previous years and the major spot loads ready for connection and the load planned from 
Khartoum state government. Looking at the existing substation supplying Khartoum center 
shown in the table below we will find that the total capacity of the substation are 160 MVA 
and this capacity is distributed by cables . The sizes of these cables are between 185 mm² and 
300 mm². Some of these cables are old and unable to carry the full current capacity from and 
to the substations which cause bottle necks in the network.  
 
Substation Capacities & Peak Loads at Khartoum Center 
2003 
 
Substation Installed 
Capacity(MVA) 
Peak load (MW)  Remarks 
AL Malik 2x10 18  
Pumping Station 2x10 8 Built at 1983 
Rajab 2x10 10  
From burri 2x25 20 Built at 1970 
Forest 2x10 9  
CEWA 1x5 + 1x10 9 Built at 1970 
 
 
 
 A load forecasting model was constructed using the Excel spreadsheet program. This 
model comprises the load for the existing and the increment load in the future year after year 
with respect to each area category as follows: 
 
1. Residential 
2. Small Commercial and Industrial 
3. Government 
  
The forecasts are made for the area of Khartoum center with reference to the 
programmed for providing electricity supply to all Khartoum center over the 15 years 
2003 to 2018  
 16
 The forecasts of sales for each sector are combined using energy loss factors for each 
sector to give the total energy at each main supply point. 
 Forecasts of Sales = Sales * Loss Factors 
 The maximum annual power demand is calculated for each load center from the 
consumed energy using load factors. and coincidence factors. 
 Load factor = 0.8 
 Coincidence factors = 0.9 
 The maximum annual power demand = existing load * 0.8 * 0.9 
 The starting point for each forecast is the estimated un-suppressed energy 
consumption of the existing load centers multiplied by increment, and the number of bulk 
connections on the future . 
 
Load forecast depends on the  
The existing load  
Load growth  
Spot Loads 
 
Peak Load of Khartoum Center 2000 to 2003 
 
Year Peak Load (MW) % Increment 
2000 50 MW  
2001 57 MW 14% 
2002 64 MW 12% 
2003 72 MW 12.5% 
 
 Referring to above table average increment for the load forecast is about 13%. The 
load growth yearly by 13%. 
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Summery of Major BIG Consumers and Projects 
Spot Loads to year 2018 
 
Consumers Load(MW) Expected year 
of connection 
Nearest Source 
of Supply 
Remarks 
National 
Electricity 
Corporation 
3 2004 Forest  
Bank of Sudan 5 2004 Forest  
Hilton Hotel 4 2004 Forest  
Sudan Hotel 3 2004 Al Malik  
Grand Hotel 2 2004 Al Malik  
Sudan 
University  
2 2004 Forest  
Khartoum 
University 
2 2004 Khartoum East  
Total MW 21    
Friend Ship 
Hotel 
5 2005 Forest  
Ministry of 
Foreign affair 
4 2005 Burri  
Irr. Arab 
Company 
4 2005 Forest  
Ministry of 
Energy 
4 2005 Burri  
Tota MW 17    
Ministry of 
iner 
3 2006 Burri  
Khartoum 
Towers 
5 2006 Khartoum East  
Al Wehda 
Towers 
5 2006 Al malik  
Al Nillin 
University 
3 2006 Al Malik  
Total MW 16    
Others 240 2006 - 2018 All Substation 20 MW per 
year 
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Calculations 
 
 We assume that the generated power shall be enough to accommodate the load growth 
for the eighteen years and the average load growth shall be based on the last two years peak 
loads. Only the big consumers till year 2006  shall be considered as spot loads and we take the 
average spot load for next years till 2018 , 20 MW per year, the average power factor 
considered as 0.85 (Lag). The average increment factor is 13%. 
Load estimation from 2003 to 2020 
 Peak load of the following year(MW) = Increment  * Peak load of specified year 
(MW) + Spot loads (MW) in the year. 
 
Year Increment Existing 
load 
Total spot 
loads 
Estimation 
Load Forecast 
2003   75     
2004 13% 84.75 21 105.75 
2005 13% 95.77 17 112.77 
2006 13% 108.22 16 124.22 
2007 13% 122.29 20 142.29 
2008 13% 138.18 20 158.18 
2009 13% 156.15 20 176.15 
2010 13% 176.45 20 196.45 
2011 13% 199.38 20 219.38 
2012 13% 225.30 20 245.30 
2013 13% 254.59 20 274.59 
2014 13% 287.69 20 307.69 
2015 13% 325.09 20 345.09 
2016 13% 367.35 20 387.35 
2017 13% 415.11 20 435.11 
2018 13% 469.07 20 489.07 
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Load forecast (Substations) 
 
 Distribution of all the load forecast to four main area substation (110/33/11 KV) that 
will supply the center of Khartoum in the future. 
 
Substation Al Malik Forest  Burri Khartoum East 
Capacity MVA 
At 2018 
200 200 200 200 
Estimated Loads 2005 
28.19 28.19 28.19 28.19
Estimated Loads 2006 
31.05 31.05 31.05 31.05
Estimated Loads 2007 
35.57 35.57 35.57 35.57
Estimated Loads 2008 
39.55 39.55 39.55 39.55
Estimated Loads 2009 
44.04 44.04 44.04 44.04
Estimated Loads 2010 
49.11 49.11 49.11 49.11
Estimated Loads 2011 
54.85 54.85 54.85 54.85
Estimated Loads 2012 
61.33 61.33 61.33 61.33
Estimated Loads 2013 
68.65 68.65 68.65 68.65
Estimated Loads 2014 
76.92 76.92 76.92 76.92
Estimated Loads 2015 
86.27 86.27 86.27 86.27
Estimated Loads 2016 
96.84 96.84 96.84 96.84
Estimated Loads 2017 
108.78 108.78 108.78 108.78
Estimated Loads 2018 
122.27 122.27 122.27 122.27
 
The load at each substation is equal approximately 60 % 
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Khartoum Center 
 
 Sudan for the time being and future is in the focus of many Arab investments 
which are concentrated in centre of Khartoum  
 The objective of this research is to upgrade and reinforce the distribution network in 
Khartoum center to meet forecasted loads up to the year 2018. 
 The load is usually for buildings some of them which already exist and some 
which  are under construction and the majority are expected  to be realized in the near 
future. This is the  most rapidly growing area in Khartoum centre with several 
international hotels, new banks& commercial centres, children city centres etc.All 
these big buildings require within the  next two year a new electrical load of 120MW 
approx. 
 The installed distribution substation now in Khartoum center is 70 MW but the need  
is 90 MW and this will grow at a percentage between 20 % to 50 % thus  we can say at year 
2005 it will reach 120 MW and at 2010 it will reach  200 MW  and 2018 it will reach 520 
MW. 
 The new 110kv substations shall be supplied by a 110kv transmission line (Khartoum 
ring) system which shall finally be upgraded to a double circuit ring around the three cities. 
Khartoum, Omderman and Khartoum North. 
The large time span of  the forecast covering up to 2018 requires that the available funds be 
distributed over that time . in implementing the project , the load forecast is taken as a 
primary guide , which as the same time ensuring the reliability and security of supply at 
Khartoum Center. 
 As mention in the load forecast previously discussed and from the drawing proposal 
for Khartoum area around Mosque Plaza done by department of planning and construction at 
NEC that the load required at Khartoum center is growing rapidly so we can divide the 
Khartoum area in four regions (map of Khartoum center )to upgrade the network 
simultaneously   
 Region one is the area between Forest substation in the west, Ali Abdalatif Avenue in 
the east, the Nile in the north and the main railway street in the south 
 22
 Region two is the area between Ali Abdalatif in the west the Nile in the north and the 
main railway street in the south and Elgaser Avenue in the east  
 Region three is the area between the Nile in the north and the main railway street in 
the south and Elgaser Avenue in the west and Almak Naimer Avenue in the east. 
 Region four is the area between the Nile in the north and the main railway street in 
the south and east and Almalk Naimer Avenue in the west. 
 The power demand in Khartoum center will increase rapidly. For 2018 a detailed 
investigation of the system was made and the load flow investigation shows that it is 
necessary to start with upgrading Forest substation now and urgently .It is to be 
mentioned that the upgrading works have to be realized without interrupting the power 
supply to the existing consumer. 
 
Forest Substation  
 To upgrade the Forest substation it is necessary to replace the existing 2x35 
transformers (35 /25/10 MVA 110/33/11KV) by higher rating transformers 3x100 
(100/100/30MVA110/33/11KV).(FIG 5.2) 
 Two of those new transformers shall be operated parallel and the third one working as 
standby that means the short circuit design of the switchgear and busbar is calculated for two 
transformers 2x100 MVA to reduce the fault level and the price of the switchgear. The third 
transformer shall be energized on high voltage side and open on low voltage side, and it 
closed automatically when any one of working transformers trips, this is to increase the 
reliability of network and to insure the continuity of supply. This substation is intended to 
supply the area of region one. 80 MVA will be available through fourteen, 11KV feeders and 
120MVA will be available through eight 33KV feeders. NEC can make use of the old 
transformer and the switchgears at 33kv and 11kv side to solve any bottle neck point in grid.  
Scope of Work 
A.110kv double busbar Air insulated modular  
Comprising: 
1. One power transformer feeder 
2. With protection and substation control equipment  
B.Power transformer and auxiliary transformers 
Comprising: 
1. Three power transformers110/33/11kv 100/100/30MVA 
2. Complete with automatic voltage regulators  panel and surge arresters 
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3. One auxiliary transformers 250KVA, 110/0.415KV 
C.33kv switchgears double busbar (GIS) 
Comprising: 
1. 8 outgoing cable feeders 
2. Three transformer incoming  feeders 
3. One bus coupler 
4. one bus section  
D.11kv switchgears double busbar (GIS) 
Comprising: 
1. 8 outgoing cable feeders 
2. Three transformer feeder 
3. One bus coupler 
4. one bus section  
 
 
E.Power and control cables 
1. 110kv over head lines for connection to Kuku substation 
2. 33kv XLPE cable including accessories 
3. 11kv XLPE cable including accessories 
4. Control cables and trays 
F.AC/DC system  
Batteries and charger Comprising: 
1. 110VDC NiCd battery system 350 Ah with charger 
2. 48VDC NiCd battery system 120 Ah with charger 
3. AC/DC board distribution  
G.Protection, communication, and substation control equipment. 
Comprising: 
1. Protection equipment  
2. Communication equipment  
H.Civil works 
Comprising:  
1. Switchgears room  
2. Foundation for transformers and new equipment 
3. Cable trenches landscaping and fencing 
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I.Erection supervision and commissioning 
Comprising: 
1. 110 GIS equipment 
2. 3 Power transformers 100 MVA 
3. Protection and substation control 
4. 33kv and 11kv medium voltage panels 
  
Buri substation  
 The present situation of Burri substation is supply of power from the Burri power 
station (60MVA) and by three links 33 KV from Kuku substation (60MVA) .This situation 
for the substation to supply load about 100MVA is very critical .In this study a 
comprehensive investigation is made to reach the following step of upgrading and to increase 
the reliability of the substation, (FIG 5.3) the scope of work at the substation shall be as 
follows: 
(1) Construct a new 110 KV substation at Burri. Installing 3x100 MVA transformers 
(100/100/30MVA 110/33/11KV) with complete Gas insulated switchgears in high and 
medium voltage.  Two of those new transformers shall be operated parallel and the third 
one working as standby that means the short circuit design of the switchgear and busbar is 
calculated for two transformers 2x100 MVA to reduce the fault level and the price of the 
switchgear. The third transformer shall be energized on high voltage side and open on low 
voltage side, and it closed automatically when any one of working transformers trips, this is to 
increase the reliability of network and to insure the continuity of supply. This substation to 
supply the area of region two. 80 MVA will be available through 14 number 11KV feeders 
and 120 will be available through 8 number 33KV feeders.NEC can make use of the old 
transformer and the switchgears at 33kv and 11kv side to solve any bottle neck point in grid.  
 (2) Extend 110 KV busbar at Kuku substation by two bays to connect the over head lines to 
supply Burri substation.  
 (3) Connected by 110KV from Kuku (twin bundles of ACSR 240/40 with one earthwire and 
(OPGW).The distance  between the two substation Kuku and Burri  is 4.2 Km.  
 
 The 110 KV Double circuit transmission line is to be connected between the 
substation Kuku and Burri substation. The length of this line is estimated to be 4.2Km. This 
distance includes the Blue Nile River crossing. The width of the river at this crossing section 
is of about 680 meters. The tower  location will be close to the river bank the distance of these 
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two crossing towers will be of about 900m.The final tower location and the resulting span 
length at this section has to be defined after detailed survey and soil investigation. 
Scope of work 
(1) Transmission Line 
 Planning of the transmission line, excluding foundation design 
Survey, material supply excluding material for foundation .Soil investigation will be done by 
the employer. 
Errection of the tower and stringing 
  (2) Substation  
A.110kv double busbar Gas insulated system (GIS)  
Comprising: 
1. Four line feeder 
2. Three power transformer feeder 
3. One bus coupler 
4. With protection and substation control equipment  
B.Power transformer and auxiliary transformers 
Comprising: 
1. Three power transformers110/33/11kv 100/100/30MVA 
2. Complete with AVR panel and surge arresters 
3. Three auxiliary transformers 250kva, 110/.415kv 
C.33kv switchgears double busbar (GIS) 
Comprising: 
1. 8 outgoing cable feeders 
2. Three transformer feeder 
3. One coupler 
D.11kv switchgears double busbar (GIS) 
Comprising: 
1. 8 outgoing cable feeders 
2. Three transformer feeder 
3. One coupler 
E.Power and control cables 
1. 110kv over head lines for connection to Kuku substation 
2. 33kv XLPE cable including accessories 
3. 11kv XLPE cable including accessories 
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4. Control cables and trays 
F.AC/DC system 
 Batteries and charger Comprising: 
1. 110VDC NiCd battery system 350 Ah with charger 
2. 48VDC NiCd battery system 120 Ah with charger 
3. AC/DC board distribution  
G. Protection, communication, and substation control equipment. 
Comprising: 
1. Protection equipment  
2. control equipments 
3. Communication equipment  
 
H.Civil works 
Comprising: 
1. Control room  
2. Switchgears room  
3. Battery and charger room  
4. Office and store 
5. Cable trenches landscaping and fencing 
I.Erection supervision and commissioning 
Comprising: 
1. 110 GIS equipment 
2. 3 Power transformers 100 MVA 
3. Protection and substation control 
4. 33kv and 11kv medium voltage panels 
 
 In order to cope with demand the proposed 110 double circuit cables to injection 
substations 110/33/11kv are required. Double 110KV circuit cables 2x3x800 mm² from 
Forest substation  to Al Malik substation (3 Km) and double circuit cables 2x3x800 mm² from 
Burri substation  to Khartoum east (3 Km) and double circuit cables 2x3x800 mm² from 
Khartoum east substation  to Faroug substation (3 Km). And double circuit cables 2x3x800 
mm² from Khartoum east substation to Al Malik substation (1.5 Km). Two substation 
100/100/30 MVA 110/33/11Kv are  to be erected in Khartoum center one is Al Malik 
substation and the other is Khartoum east substation.Al Malik substation at the center of 
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Khartoum at United Nation Circle in the total area of 900 m² and Khartoum  east substation at 
connection of Al Malik Naimer Avenue with Al Said Abdrahaman Avenue.  The upgrading is 
as follows:  
 (1) Replacing Almalik substation (33/11KV, 10MVA) (FIG 5.4) with a new 
substation with two transformers 100/100/30 MVA (110/33/11KV) complete with Gas 
Insulated switchgear (GIS) on 110&33 and 11KV. This substation takes the supply from 
Forest substation by two inter connected under ground cables and by two inter connected 
cables from Khartoum east substation. The substation will be supplied by from alternative 
supply. 
Scope of work 
 
A.110kv double busbar Gas insulated system (GIS)  
Comprising: 
1. Four line feeders 
2. Two power transformer feeder 
3. One bus coupler 
4. With protection and substation control equipment  
B.Power transformer and auxiliary transformers 
Comprising: 
1. Two power transformers110/33/11kv 100/100/30MVA 
2. Complete with AVR panel and surge arresters 
3. One auxiliary transformers 250kva, 110/.415kv 
C.33kv switchgears double busbar (GIS) 
Comprising: 
1. 4 outgoing cable feeders 
2. Two transformer feeder 
3. One coupler 
D.11kv switchgears double busbar (GIS) 
Comprising: 
1. 4 outgoing cable feeders 
2. Two transformer feeder 
3. One coupler 
E.Power and control cables 
1. 110kv XLPE cables for connection to Forest substation 
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2. 33kv XLPE cable including accessories 
3. 11kv XLPE cable including accessories 
4. Control cables and trays 
F.AC/DC system  
 Batteries and charger Comprising: 
1. 110VDC NiCd battery system 350 Ah with charger 
2. 48VDC NiCd battery system 120 Ah with charger 
3. AC/DC board distribution  
G.Protection, communication using fiber optics, and substation control equipment. 
Comprising: 
1. Protection equipment  
2. control equipment 
3. Communication equipment  
H.Civil works 
Comprising: 
1. Control room  
2. Switchgears room  
3. Battery and charger room  
4. Office and store 
5. Cable trenches landscaping and fencing 
I.Erection supervision and commissing 
Comprising: 
1. 110 GIS equipment and cables 
2. One Power transformers 100 MVA 
3. Protection and substation control 
4. 33kv and 11kv medium voltage panels 
 
 (2) Khartoum east substation 
 To build anew substation on a corner of  Almalk Naimer Avenue and Al said 
Abdrahman called Khartoum east substation with Two transformer 100/100/30 MVA 
(110/33/11KV) (FIG 5.5) complete with Gas Insulated switchgear on 110&33 and 11KV. 
The supply this substation is by under ground cables from Almalik substation, and from 
Faroug substation and from Burri substation.  
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Scope of work 
A.110kv double busbar Gas insulated system (GIS)  
Comprising: 
1. six line feeder 
2. Two power transformer feeder 
3. One bus coupler 
4. With protection and substation control equipment  
B.Power transformer and auxiliary transformers 
Comprising: 
1. Two power transformers110/33/11kv 100/100/30MVA 
2. Complete with AVR panel and surge arresters 
3. Two auxiliary transformers 250kva, 110/.415kv 
 
 
C.33kv switchgears double busbar (GIS) 
Comprising: 
1. 4 outgoing cable feeders 
2. Two transformer feeder 
3. One coupler 
D.11kv switchgears double busbar (GIS) 
Comprising: 
1. 4 outgoing cable feeders 
2. Two transformer feeder 
3. One coupler 
E.Power and control cables 
1. 110kv XLPE cables for connection to Burri and Faroug substations 
2. 33kv XLPE cable including accessories 
3. 11kv XLPE cable including accessories 
4. Control cables and trays 
F.AC/DC system 
 Batteries and charger Comprising: 
1. 110VDC NiCd battery system 350 Ah with charger 
2. 48VDC NiCd battery system 120 Ah with charger 
3. AC/DC board distribution  
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G.Protection, communication, and substation control equipment. 
Comprising: 
1. Protection equipment  
2. control equipments 
3. Communication equipment  
H.Civil works 
Comprising: 
1. Control room  
2. Switchgears room  
3. Battery and charger room  
4. Office and store 
5. Cable trenches landscaping and fencing 
I.Erection supervision and commissing 
Comprising: 
1. 110 GIS equipment and cables 
2. Two Power transformers 100 MVA 
3. Protection and substation control 
4. 33kv and 11kv medium voltage panels 
 When erected those two substations can supply the center of Khartoum by 200MVA 
in region three and two while Forest and Burri substation will supply region one and four  
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.(FIG 5.1) 
Finally the projected installed capacity at Khartoum Center will be as follows  
 
Name of 
substation 
2002 
MVA 
Existing 
capacity 
2005 
MVA 
Existing 
capacity
2010 
MVA 
Existing 
capacity
2015 
MVA 
Existing 
capacity
 140  400  600  800  
Forest  2x10  2x100  2x100  2x100 
Burri  2x25  2x100  2x100  2x100 
Rajab  2x10       
Pumping  2x10       
Almalik  2x10       
CEWA  2x5       
New 
Almalik 
     1x100  2x100 
Center 
Khartoum 
     1x100  2x100 
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1- Climatic  
 The general climatic conditions in Sudan can be described and subtropical .The 
temperature differences are varying between 5°C at night time and max 48 °C during the 
day. 
 In the project area the annual rainfalls are expected from June to October. The 
average amount of rainfall was approximate 250mm.During the dry season low humidity 
predominates. 
 
2 - Grounding system 
 The earthing system shall be designed to minimise the dangers from step, touch 
and transferred potentials which can occur under maximum fault conditions.IEC 
standard shall be taken into consideration. 
3 - High voltage Switchgears 
 The quoted Gas Insulated System (GIS) is of modular design, and its enclosure 
consists of non corrosive aluminium. The local control panel with all means for operation 
and supervision of the GIS to be bolted to the busbar modules, of standard multi-conductor 
cables. The dimension of one bay 1000mm width, 2500mm high and 2300mm depth. 
 The busbar system of the GIS is composed of separate section of 1000mm length 
each. Each busbar element includes a combined disconector/earthing switch with common 
motor derive and special forced interlocking. The busbar arrangement can be extended in 
either direction. 
 
 (1)Circuit Breakers (132KV) 
 
Type of circuit breaker  SF6 
Rated voltage  132KV 
Rated normal current  2500A 
Frequency  50Hz 
Making current  100KAp 
Breaking current  40KA 
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 (2)Measuring transformers 
 
 (a)Current transformer 
 The current transformers are integrated in the circuit breaker compartment and 
are of conventional inductive type. 
 
110 KV 
(i) The current transformer cores for transformer bay  
 
Core 1 300/600/1 Cl.0.2Fs5 20VA 
Core 2 300/600/1 Cl.5P20 20VA 
Core  300/600/1 cl.5P20 20VA 
 
(ii) For line bay 
Core 1 300/600/1 Cl.0.2Fs5 20VA 
Core 2 300/600/1 Cl.5P20 20VA 
Core  300/600/1 cl.5P20 20VA 
 
(iii) For Bus coupler 
Single core CTs integrated in Circuit breaker housing  
Core 1 300/600/1 Cl.0.2Fs5 20VA 
Single core CTs integrated in Circuit breaker housing  
Core 1 300/600/1 Cl.5P20 20VA 
 
33 KV  
(i) The current transformer cores for transformer bay  
Core 1 1800/1 Cl.0.2Fs5 20VA 
Core 2 1800/1 Cl.5P20 20VA 
Core  1800/1 cl.5P20 20VA 
 
 
 
 
 35
(ii) For line bay 
Core 1 1800/1 Cl.0.2Fs5 20VA 
Core 2 1800/1 Cl.5P20 20VA 
Core  1800/1 cl.5P20 20VA 
 
(iii) For Bus coupler 
Single core CTs integrated in Circuit breaker housing  
Core 1 2000/1 Cl.0.2Fs5 20VA 
Single core CTs integrated in Circuit breaker housing  
Core 1 2000/1 Cl.5P20 20VA 
 
11 KV side  
(i) The current transformer cores for transformer bay  
Core 1 2000/1 Cl.0.2Fs5 20VA 
Core 2 2000/1 Cl.5P20 20VA 
Core  2000/1 cl.5P20 20VA 
 
(ii) For line bay 
Core 1 2000/1 Cl.0.2Fs5 20VA 
Core 2 2000/1 Cl.5P20 20VA 
Core  2000/1 cl.5P20 20VA 
 
(iii) For Bus coupler 
Single core CTs integrated in Circuit breaker housing  
Core 1 2500/1 Cl.0.2Fs5 20VA 
Single core CTs integrated in Circuit breaker housing  
Core 1 2500/1 Cl.5P20 20VA 
  
(b)Voltage transformer 
 The voltage transformers are of conventional type with three phases in a 
common encapsulation. 
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110 kv 
Primary winding 110KV/√3   
Secondary winding 1 110V/√3 Class 0.2 50VA 
Secondary winding 2 110V/√3 Class 1.0/3P 50VA 
Secondary winding 3 110V/√3 Class 3P 50VA 
 
33 KV 
Primary winding 33KV/√3   
Secondary winding 1 110V/√3 Class 0.2 50VA 
Secondary winding 2 110V/√3 Class 1.0/3P 50VA 
Secondary winding 3 110V/√3 Class 3P 50VA 
 
 
11KV 
Primary winding 11KV/√3   
Secondary winding 1 110V/√3 Class 0.2 50VA 
Secondary winding 2 110V/√3 Class 1.0/3P 50VA 
Secondary winding 3 110V/√3 Class 3P 50VA 
  
  
 
4 - Control panel 
 Control and operation of the substations shall be possible from an outdoor local 
control board (LCB), from the feeder control cubicle in the relay room and from the 
load dispatch centre (LDC) via telecommunication systems. In addition, the 
substations shall be controlled via a station control unit from the control room of the 
substations  
 Operation from the local control board shall be via discreet switches and 
position indicators within a mimic diagram. On the combined control and protection 
cubicle in the relay room, the feeder shall be controlled via an integrated micro-
processor controlled Bay Control Unit (BCU). 
The interlocking functions within a bay and within a busbar or double busbar shall be 
hard wired to allow operation from the local control cubicle under interlocking 
conditions. In addition the interlocking conditions shall be realised on software bases 
within the bay control unit. 
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 All bay control units shall be connected via fibre optical wire (FOW) with a 
Station Control Unit (SCU), communicating with an IEC protocol. For interlocking 
within the busbars, the BCUs shall communicate with each other via the SCU. 
Alternatively, interlocking signals within the busbar may be hard wired between the 
BCUs. Furthermore, this SCU shall realise the connection to the operator’s console 
(MMI) in the substation control room and to the LDC for remote control. 
5 -  Protection scheme 
 
 (a)Line protection  
 The line protection will be including but not limiting to : 
1. Distance protection 
2. Over current &earth fault 
3. Over load 
  (b)Transformer protection 
The transformer protection will be including but not limiting to: 
1. Differential protection 
2. Over current 
3. Restricted earth fault 
 The distinctive advantages of SF6 gas insulated switchgear (GIS) are compact, 
low weight, high reliability, and safe against tough contact, low maintenance and long 
life. Extensive in plant preassembly and testing of large units and complete bays 
reduces assembly and commissioning time on the construction site. 
 GIS equipment is usually of modular construction .All components such as bus 
bars, disconnectors, circuit breakers, instrument transformers, cable terminations and 
joints are contained in earthed enclosures filled with sulphur hex fluoride gas (SF6) 
 
6 -  Medium and Low voltage Switchgears 
  
 Double Busbar compartment gas tight in hermetically sealed pressure system 
The bay consists of:- 
1. Circuit breaker  
2. Circuit breaker compartment gas tight in hermetically sealed pressure system 
3. SF6 insulator 
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4. 36 and 12KV 2500Amp and breaking current 40KA 
5. Control and protection panel coupled by plug in busbar connectors. 
6. Operating mechanism outside the gas compartment, connected by gas tight 
thrust bushing. 
7. Disconnector and earthing switch 
8. Live switch components in the gas compartment while the operating mechanism 
outside. 
9. Current and voltage transformers 
10. Protection and control 
7 - Transformers 
 
 Power and auxiliary transformers description 
 
3 phase 110/33/11KV, 100/100/30MVA 
Impedance voltage  
 HV – MV : 10% 
 HV – LV: 29% 
 MV – LV : 11 – 15% 
YN, yn0, d11, ONAF oil-insulated, on load tap-changer (+5-13x1.25%), IEC standard 
Connected with automatic voltage regulator 
Auxiliary /earthing transformers 250KVA, 11/0.415KV, Dyn11, ONAN, Oil insulated 
with off load tap-changer 
  The design shall be based on the site and service conditions; ambient 
temperature: maximum 50 ºC, average of the hottest month 48 ºC, yearly average 35 
ºC. 
8 - Tower 
 All support structures for electrical apparatus and equipment in the switchyard 
shall be galvanised steel lattice structures. 
 All iron and steel used in the construction of the Contract Works shall be 
galvanised after sawing, shearing, drilling, punching, filling, bending and machining is 
completed. 
 Galvanising shall be performed in accordance with IEC Standard or BS 729. 
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 For galvanising, only original blast furnace raw zinc shall be applied, which 
shall have a purity of 98.5%. 
 The zinc coating shall be uniform, clean, smooth and as free from spangle as 
possible. Galvanising shall be applied by the hot dip process and shall consist of a 
coating having at least the thickness shown in the table below: 
 
Steel Structures 85 µm (610 g/m²) 
Bolts, Screws, Nuts, Washers 42 µm (305 g/m²) 
 
 The galvanising thickness shall be tested on site after receiving the galvanised 
components as well as during erection.  
 
 9 - Over Head Line 
    
The basic span shall be for 132 kV , 350 metres 
 Towers shall be set out on the profile drawings such that the span limits given 
below are not exceeded. 
 
132 kV  
Tower Type A B C D D 
Maximum angle of 
deviation (degrees) 
0 15 30 60 90 Angle  
45 Termination   
Maximum sum of adjacent 
spans (m) 
2.2 x basic 
span 
2.2 x basic span  1.1 x basic span  
Maximum single span (m) 1.7 x basic 
span 
1.7 x basic span 1.14 x basic span 
Maximum wind span (m) 1.1 x basic 
span 
1.1 x basic span 0.666 x basic span 
Maximum weight span (m) 1.7 x basic 
span 
1.7 x basic span  1.28 x basic span  
Minimum weight span (m) .25 x basic 
span 
0.42 x basic span 
(uplift) 
0.32 x basic span 
(Uplift) 
  
 Note: Minimum Weight Spans shall apply at 0ºC under still air conditions. 
 40
 Vertical Clearances 
132kV 
Terrain accessible to pedestrians only  7.50 
Roads and land accessible to vehicles  8.00 
Existing and proposed main dual carriageway 
roads  
l5.00 
Power supply or communication circuits 
irrespective of voltage 
- lowest phase conductor of upper line to highest 
phase   conductor or shield wire of lower line (m) 
3.40 
Power supply or communication circuits 
irrespective of voltage  
- lowest phase conductor of upper line to any 
point on a support of the lower line on which a 
person may stand (m) 
4.25 
Building or structure on which a person can stand 
or against which he can lean a ladder (m) 
4.75 
Major navigable waterways 60.0 
 
Minor Navigable waterways 25.0 
 
 Clearances to ground are, when appropriate, to be to the future level which is 
assumed to be the asphalt surface level of the adjacent highway.  
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Horizontal Clearances    132KV 
 
From tower structure to nearest conductor of any power line 
being crossed  between outside conductor and the features  
where line and features run approximately parallel but do not 
cross 
15  
Gas and oil and water pipeline 
nominal diameter of less than 150 mm (m) 
 
25 
 
 - Ditto -  180 to 450 mm (m) 50  
 - Ditto - over 450 mm (m) 100  
Main roads, railways and canals (m) 40  
Secondary roads (m) 25  
Outside conductors of power supply circuits irrespective of 
voltage (m) 
20  
Communication circuits (m) 20  
 
 
(10) Cables 
Cable Construction 
 The conductors shall be made of round, stranded, soft annealed, electrolytic 
copper wires, and the cable shall be proof against water penetration in longitudinal 
axis. The conductors shall be screened by extruded semi-conductive XLPE. This in 
turn shall be covered by the XLPE insulation, the thickness of which shall be clearly 
indicated in the Technical Data Sheets. Another semi-conductive screen shall cover the 
insulation, followed by a copper shielding of adequate thickness to meet the earth fault 
current. 
Phase identification shall be provided on the screen by colour code red, yellow and 
blue. 
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Cross-section 800         mm² 
Thickness of insulation 13.0         mm 
Screen: Material copper  
Cross-section 250         mm² 
Outer Sheath: Material PE 
Wall thickness 3.8          mm 
Outer diameter, approx. 82          mm 
Net weight of cable, approx. 13800          kg/km 
Delivery will be affected in lengths of approx. 700          m 
 
Electrical data: 
 
Kind of laying flat formation 
Lying in earth at:  
- laying depth 1200         mm 
- Thermal resistively of soil 1.5        Km/W 
- Axial distance of phases 250         mm 
- Ambient temperature 35         °C 
Load factor 1.0 continuous load 
Nominal voltage 110          kV 
Max. Permissible operating voltage Umax 123          kV 
Max. Permissible transmission current Imax *) 825           A 
Max. permissible transmission rating *) 157.2     MVA 
D.C. resistance of conductor at 20°C 0.0221  Ohm/km 
A.C. resistance of conductor at Imax 0.0310 Ohm/km 
Field strength at conductor at U0 6.5 kV/mm 
Capacitance 0.25 µF/km 
Inductance phase Red and Blue 0.66 mH/km 
phase Yellow 0.58 mH/km 
Charging current 5.0 A/km 
Charging power per circuit 960 kVA/km 
Dielectric loss factor < 0.001 
Losses per circuit at Imax  
Conductor 63.4 kW/km 
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Dielectric 1.0 kW/km 
Screen 2.2 kW/km 
 
 
Max. Permissible continuous short-circuit current 
for conductor: 
0.1 s 364.1 kA 
0.2 s 257.4 kA 
0.5 s 162.8 kA 
1.0 s 115.1 kA 
2.0 s 81.4 kA 
5.0 s 51.5 kA 
 
 
(11) OPGW  
 The OPGW shall contain the optical fibers, and the necessary protective outer 
layer to prevent damage to the fibers due to mechanical elongation, bending, twisting, 
and crushing forces as well as the effects of elevated temperatures due to fault 
currents. The OPGW should be mechanically constructed in such a way so as to 
protect against environmental degrading factors. 
 The stranded bare conductor shall consist of one or more layers of metal wires, 
to provide materially the same electrical and mechanical characteristics as a 
conventional overhead ground wire. 
  Designs where any synthetic material containing the fibers is likely to be 
exposed to pollutants in the atmosphere or ultra-violet radiation from the sun, for 
example, where bird-caging of the outer layer of the conductor occurs as in the case of 
a single layer configuration will not be accepted, unless otherwise approved by the 
customer. 
  The OPGW shall comply with all the requirements of IEC 60794-4-1. The 
cable shall be greased as per IEC 61089 if necessary and shall be specified. 
  
 
  Unless otherwise specified, the OPGW shall be designed to operate within 
specification under the following operating conditions: 
a) Pollution level (as per IEC 60815): heavy; 
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b) Maximum temperature: 50 °C; 
c) Minimum temperature: -5 °C; 
d) Maximum wind speed: 35 m/s 
e) Route altitude: 1000 m. 
 
(12) AC and DC System 
  
Batteries and Chargers 
Battery 
 
  The battery shall be manufactured and tested in conformity with the latest IEC 
standard Publ. 60623: Open nickel- cadmium cells.  
  The rating of the battery shall be not less than the following: Nominal cell 
voltage. 1.2 V  
 Number of cells minimum 86 cells plus 6 spare cells Nominal capacity. 200 Ah 
at 5-hour discharge rate End voltage. Maximum DC 1.15 V per cell (for 110 VDC) 
 Float charging voltage. Maximum DC 1.45 V per cell  
Charger  
  The charger shall be manufactured and tested in conformity with the latest IEC 
standard: Low voltage power supply devices, DC output performance characteristics 
and safety requirement.  
 
The rating of the battery charger shall be not less than the following:  
1. Main supply voltage 415 V -Number of phases 3 (For 110 VDC). 
2. Main supply voltage 240 single phase (For 48 VDC). 
3. Frequency 50 Hz . 
 The continuous output of each battery charger shall cover the rated load  
of the entire DC busbars. Simultaneously, recharging the battery, if it is  
Charged with a charging current of 0.2 x C5 within 10 hours after a complete 
discharge.  
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 (13) Civil Works 
 The civil works for the new substation includes all work related to the 
preparation of site. 
Since adequate measures for rehabilitation of the different parts have to be elaborated 
the Contractor shall describe the measures intended to perform this works very 
detailed. 
 The scope of work shall comprise all civil works related to the repair and 
rehabilitation of existing substations as well as the new substation. The works covers 
the following: 
− Earth and rock works 
− Concrete and reinforced concrete 
− Masonry and plastering work 
− Installation of doors and windows 
− Provision of ventilation/air conditioning 
− Finishing work 
− Dewatering 
− Trenches and cable ducts as required 
− Lighting system 
− Plumbing 
− Site arrangement and access 
All work shall be completed in every respect and ready for operation. The scope of 
work covers the construction of buildings, foundation for transformers etc. boundary 
fence, and the necessary sanitation facilities. 
Provisions have to be made for maintenance and insurance of the completed work until 
handing over. 
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Financial analyses 
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7 
 Project Cost 
 The costs for the projects is summarised in the tables based on last price of equipment 
purchased by NEC. The table shows that the total price 53 million dollars .We exclude the 
additional cost of engineering, administration costs, training,. These additional costs 
compared with main cost are negligible, since the total process consists of equipment 
delivered as turn key project. 
 Financial Analysis  
 
 Financial analysis is made based on the total project cost estimates given in the tables 
above in the project cost. 
 The financial analysis gives details of operation and profitability cash flow for the 
whole  period of economic life of the project that (40 years). 
 The analysis also gives the financial indicators such as Internal Rate of Return (IRR), 
Pay Back Period (PBOP) and Debit Services Cover Ratio (DSCR), this last one  always 
respects the  lenders interest  to know the capability of the project to repay the loan. 
 
 Bases for Financial Analysis  
 
1- Project funding according to the following assumption  
   
  Equity funding (self finance)            10% 
  Loan from international Institutions                      90%  
 
2- Interest on Term loan  
  Interest on term loan percentage per year          6%  
 
3-Term for repayment of the loan  
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 For the loan capital and interest rate 9 years grace period (period of construction) has 
been considered, repayment start in the third year (start of operation) and complete in  Annual 
Installment. 
4-Income Tax  
 
 Income tax exemption i.e. tax holiday is considered for the whole period of the project 
because it public vital project. 
 
5-Operation of the Project  
 
Capacity of  the Project  640 MW 
Gross day operation 365 days 
Efficiency   100% 
Load Factor 60% 
 
 
6-Power selling Price 
 
 The assumption of the price is taken on the basis of NEC current selling price to the 
consumers that is 9.5 cent as break down blew: - 
 Generation cost    6.0 cent 
 Tr. & Substention   0.6 cent 
 Dist. & sales                            2.9 cent   
 There for the price used in the estimation of project cash flow is 0.6 cent 
 
7-Operation & maintenance cost  
     
 It includes the manpower and operation and maintenance expenses ( …..    per year ) 
 
8- Depreciation  
 
 Depreciation is calculated on straight line method, details enclosed (…. Per year) and 
…. Salvage value   
 
Financial Viability  
 
 Based on the above details and the following assumption that all variables are constant 
along the period. 
? Unit kw/h price 
? Annual operation and maintenance cost 
? Load factor 
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  Using the computer program package in planning dep, In NEC, the summary result is 
as follows: 
 
 
Internal rate of return 17.13% 
Pay back period 11 years 
 
 
 This results of Indicators is clearly very attractive for investors , specially in 
consideration of the economic life of the project and pay back period, also this project 
will improve all system and totally will solve the problem of  suffocation and highly 
demand increase in Khartoum center in the long term. 
Sensitivity Analysis  
 
 Sensitivity analysis of financial indicators is work out for the project based on 
selling price 0.6 cent as base price and 0.54cent (90% of the base price )and 0.66 cent 
(110% of the base price ) as  low and high respectively, summary result given in the 
two  table below. 
At base price .56 cent (90%) 
 
  
IRR 16.06% 
 
 
At base price .66 cent (110%) 
 
  
 
Conclusion 
 
 Considering the 40years economic life of the project the (PBP) is acceptable and the 
(IRR) in the base and specially in low scenario is sensible for public project render services in 
the short and long term there for it viable project from technical and economic point of view.    
 
 
  
IRR 18.69% 
Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 110 kv line bay 4 No 300000 1,200,000.00         
2 110 kv transformer bay 3 No 300000 900,000.00            
3 110 kv Buscoubler 1 No 200000 200,000.00            
4 110 kv Busbar system 2000A 1 Lot 130000 130,000.00            
5 Steel structure 1 Lot 10000 10,000.00              
6 Substation protection & control 1 Lot 250000 250,000.00            
7 Power and control Cables 1 Lot 220000 220,000.00            
8 AC & DC system 1 Lot 100000 100,000.00            
9 Substation earthing 1 Lot 60000 60,000.00              
10 Transformers 110/33/11KV  100/100/30 MVA 3 No 820,000 2,460,000.00         
11 Communication system 1 Lot 1000000 1,000,000.00         
12 33 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 1300000 1,300,000.00         
13 11 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 1200000 1,200,000.00         
14 Supervision & Commissioning 1 Lot 250000 250,000.00            
15 Civil works 1 Lot 200000 200,000.00            
16 Labour Cost and Errection 1 Lot 2844000 2,844,000.00         
Total Burri  S/S cost 12,324,000.00     
Burri Substation 110/33/11 KV
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Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 110 kv line bay 2 No 300000 600,000.00            
2 Extension of Substation protection & control 1 Lot 100000 100,000.00            
3 Power and control Cables 1 Lot 20000 20,000.00              
4 Communication system 1 Lot 120000 120,000.00            
5 Supervision & Commissioning 1 Lot 100000 100,000.00            
6 Civil works 1 Lot 10000 10,000.00              
7 Labour Cost and Errection 1 Lot 285000 285,000.00            
Total Kuku extention 1,235,000.00       
Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 Survey Check 1 Lot 50000 50000
2 Subsoil investigations 7 No 1000 7000
3 Bush clearing 4.2 km 2000 8400
4 Towers 7 No 20000 140000
5 Foundations 7 No 28000 196000
6 Conductors 4.2 Route 21000 88200
7 OPGW and attachments 4.2 km 8000 33600
8 Insulators 1 Lot 50000 50000
9 Conductors fittings 1 Lot 4750 4750
10 OPGW fittings 1 Lot 3170 3170
11 Machinery for erection and stringing 1 Lot 950000 950000
12 Tools for erection and stringing 1 Lot 200000 200000
13 Local transport 1 Lot 1500000 1500000
14 Supervision & Commissioning 1 Lot 15000 15000
15 Labour Cost and Errection 1 Lot 800000 973836
Total 4,219,956.00       
Extention at Kuku substation
Over head line Burri Kuku
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Forest Substation 
Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 110 kv line bay 2 No 300000 600,000.00            
2 110 kv transformer bay 1 No 300000 300,000.00            
3 110 kv Buscoubler 1 No 200000 200,000.00            
4 110 kv Busbar system 2000A 1 Lot 130000 130,000.00            
5 Steel structure 1 Lot 100000 100,000.00            
6 Substation protection & control 1 Lot 250000 250,000.00            
7 Power and control Cables 1 Lot 450000 450,000.00            
8 AC & DC system 1 Lot 130000 130,000.00            
9 Substation earthing 1 Lot 60000 60,000.00              
10 Transformers 110/33/11KV  100/100/30 MVA 3 No 820,000 2,460,000.00         
11 Communication system 1 Lot 1000000 1,000,000.00         
12 33 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 1300000 1,300,000.00         
13 11 kv GIS indoor medium voltage SWG(15 feeders) 1 Lot 1200000 1,200,000.00         
14 Supervision & Commissioning 1 Lot 250000 250,000.00            
15 Civil works 1 Lot 300000 300,000.00            
16 Labour Cost and Errection 1 Lot 2,619,000.00         
Total Forest  S/S cost 11,349,000.00     
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Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 110 kv line bay 4 No 250000 1,000,000.00         
2 110 kv transformer bay 2 No 250000 500,000.00            
3 110 kv Buscoubler 1 No 200000 200,000.00            
5 Steel structure 1 Lot 5000 5,000.00                
6 Substation protection & control 1 Lot 250000 250,000.00            
7 Power and control Cables 1 Lot 100000 100,000.00            
8 AC & DC system 1 Lot 130000 130,000.00            
9 Substation earthing 1 Lot 60000 60,000.00              
10 Transformers 110/33/11KV  100/100/30 MVA 1 No 750,000 750,000.00            
11 Communication system 1 Lot 500000 500,000.00            
12 33 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 1000000 1,000,000.00         
13 11 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 600000 600,000.00            
14 Supervision & Commissioning 1 Lot 150000 150,000.00            
15 Civil works 1 Lot 300000 300,000.00            
16 Labour Cost and Errection 1 Lot 1,386,250.00         
Total Al Malik Substation 6,931,250.00       
AL Malik Substation 
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Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 110 kv line bay 6 No 300000 1,800,000.00         
2 110 kv transformer bay 2 No 300000 600,000.00            
3 110 kv Buscoubler 1 No 200000 200,000.00            
5 Steel structure 1 Lot 5000 5,000.00                
6 Substation protection & control 1 Lot 250000 250,000.00            
7 Power and control Cables 1 Lot 100000 100,000.00            
8 AC & DC system 1 Lot 130000 130,000.00            
9 Substation earthing 1 Lot 60000 60,000.00              
10 Transformers 110/33/11KV  100/100/30 MVA 1 No 750,000 750,000.00            
11 Communication system 1 Lot 500000 500,000.00            
12 33 kv GIS indoor medium voltage SWG(12 feeders) 1 Lot 1000000 1,000,000.00         
13 11 kv GIS indoor medium voltage SWG(15 feeders) 1 Lot 600000 600,000.00            
14 Supervision & Commissioning 1 Lot 150000 150,000.00            
15 Civil works 1 Lot 300000 300,000.00            
16 Labour Cost and Errection 1 Lot 1,611,250.00         
Total Khartoum East Substation 8,056,250.00       
Khartoum East Substation
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Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 High voltage cable 800 mm² 110 KV single core 18 Km 80000 1440000
2 Out door termination 18 1pc 9000 162000
3 GIS Plug in Termination 18 1pc 7000 126000
4 Staight Joint 18 1pc 8500 153000
5 Laying  of cables 18 Km 30000 540000
6 Laying supervision 18 Km 1380 24840
7 Instalation of out door termination 18 1pc 9240 166320
8 Instalation of GIS termination 18 1pc 6930 124740
9 Laying of Fiber Optic for communication 3 Km 20000 60000
10 Instalation of straight joints 18 1pc 8620 155160
Total Cost 2,952,060.00            
Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 High voltage cable 800 mm² 110 KV single core 18 Km 80000 1440000
2 Out door termination 18 1pc 9000 162000
3 GIS Plug in Termination 18 1pc 7000 126000
4 Staight Joint 18 1pc 8500 153000
5 Laying  of cables 18 Km 30000 540000
6 Laying supervision 18 Km 1380 24840
7 Instalation of out door termination 18 1pc 9240 166320
8 Instalation of GIS termination 18 1pc 6930 124740
9 Laying of Fiber Optic for communication 3 Km 20000 60000
10 Instalation of straight joints 18 1pc 8620 155160
Total Cost 2,952,060.00            
Underground Cables Forst Al Malik
Underground Cables Burri Khartoum East
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Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 High voltage cable 800 mm² 110 KV single core 18 Km 80000 1440000
2 Out door termination 0 1pc 9000 0
3 GIS Plug in Termination 12 1pc 7000 84000
4 Staight Joint 18 1pc 8500 153000
5 Laying  of cables 18 Km 30000 540000
6 Laying supervision 18 Km 1380 24840
7 Instalation of out door termination 0 1pc 9240 0
8 Instalation of GIS termination 12 1pc 6930 83160
9 Laying of Fiber Optic for communication 3 Km 20000 60000
10 Instalation of straight joints 18 1pc 8620 155160
Total Cost 2,540,160.00       
Item No. Item Quantity Unit Unit Price (€) Total Price (€)
1 High voltage cable 800 mm² 110 KV single core 9 Km 80000 720000
2 Out door termination 0 1pc 9000 0
3 GIS Plug in Termination 12 1pc 7000 84000
4 Staight Joint 10 1pc 8500 85000
5 Laying  of cables 9 Km 30000 270000
6 Laying supervision 9 Km 1380 12420
7 Instalation of out door termination 0 1pc 9240 0
8 Instalation of GIS termination 12 1pc 6930 83160
9 Laying of Fiber Optic for communication 1.5 Km 20000 30000
10 Instalation of straight joints 10 1pc 8620 86200
Total Cost 1,370,780.00       
53,930,516.00     
Underground Cables Faroug Khartoum east
Underground Cables Al Malik  Khartoum east
Total Cost $
Page 7
Available mw 640.0 Exchange  rat 260 Average annual revenue in 15.0 IRR = 17.13%
Reserve   mw (from existing source) Tariff = $cents 0.6 Tariff =SD 1.56 Average annual benefit in U 12.1
Accumulated benefits at year 6 in U-29.2 Accumulated benefits at year 10 in -22.2 Accumulated benefits at year 30 in 484.2
EQUITY : LOAN  RATIO 0.0 1.0
Fixed Costs  US$ m HFO Annual Expenses  US$ m Total Load Annual Revenue  US$ Business
Year Transn- sub Total Cost cost Oper- Depre- Fuel Total An  Exp. Factor Annual Tariff Total Other Total Annual  Profit Accum.
mission station Assets $ / ton of ation ciation HFO Expenses  %  GWH  $ cent Sales IncomeRevenueBenefitsTax  atBenefits Year
&dis a Finance b c=a+b d d - c
0 0.0 5.4 5.4 5.4 0.0 0.0 -5.4 -5.4 0
1 5.4 5.4 0 2.9 0.0 2.9 8.3 0.0 0.0 -8.3 -13.7 1
2  5.4 5.4 0 2.6 0.0 2.6 8.0 0.0 0.0 -8.0 -21.7 2
3 5.4 5.4 0 2.2 0.1 1.0 0.0 3.3 8.7 18% 908 0.6 5.4 5.4 -3.2 -24.9 3
4 5.4 5.4 0 1.9 0.1 1.0 0.0 3.0 8.4 19% 959 0.6 5.8 5.8 -2.6 -27.6 4
5 5.4 5.4 0 1.6 0.1 1.0 0.0 2.7 8.1 22% 1110 0.6 6.7 6.7 -1.4 -29.0 5
6 5.4 5.4 0 1.3 0.1 1.0 0.0 2.4 7.8 25% 1261 0.6 7.6 7.6 -0.2 -29.2 6
7 5.4 5.4 0 0.9 0.1 1.0 0.0 2.0 7.4 28% 1413 0.6 8.5 8.5 1.1 -28.1 7
8 5.4 5.4 0 0.6 0.2 1.0 0.0 1.8 7.2 31% 1564 0.6 9.4 9.4 2.2 -25.9 8
9 5.4 5.4 0 0.2 1.0 0.0 1.2 6.6 34% 1716 0.6 10.3 10.3 3.7 -22.2 9
10 0.0 0 0.2 1.0 0.0 1.2 1.2 38% 1917 0.6 11.5 11.5 10.3 0.0 -11.9 10
11 0.0 0 0.2 1.0 0.0 1.2 1.2 43% 2170 0.6 13.0 13.0 11.8 0.0 0.0 11
12 0.0 0 0.2 1.0 0.0 1.2 1.2 48% 2422 0.6 14.5 14.5 13.3 0.0 13.3 12
13 0.0 0 0.3 1.0 0.0 1.3 1.3 54% 2725 0.6 16.3 16.3 15.1 0.0 28.4 13
14 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 45.3 14
15 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 62.2 15
16 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 79.0 16
17 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 95.9 17
18 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 112.8 18
19 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 129.7 19
20 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 146.6 20
21 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 163.5 21
22 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 180.3 22
23 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 197.2 23
24 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 214.1 24
25 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 231.0 25
26 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 247.9 26
Cost Analyses
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27 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 264.7 27
28 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 281.6 28
29 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 298.5 29
30 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 315.4 30
31 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 332.3 31
32 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 349.2 32
33 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 366.0 33
34 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 382.9 34
35 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 399.8 35
36 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 416.7 36
37 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 433.6 37
38 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 450.5 38
39 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 467.3 39
40 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 484.2 40
41 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 501.1 41
42 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 518.0 42
43 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 534.9 43
44 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 551.8 44
45 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 568.6 45
46 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 585.5 46
47 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 602.4 47
48 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 619.3 48
49 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 636.2 49
50 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 653.1 50
51 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 669.9 51
52 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 686.8 52
53 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 703.7 53
54 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 720.6 54
55 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 737.5 55
56 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 754.4 56
57 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.6 18.2 18.2 16.9 0.0 771.2 57
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Available mw 640.0 Exchange  rat 260 Average annual revenue in 16.5 IRR = 18.69%
Reserve   mw (from existing source) Tariff = $cents 0.66 Tariff =SD 1.716 Average annual benefit in U 13.6
Accumulated benefits at year 6 in U-26.7 Accumulated benefits at year 10 in -16.8 Accumulated benefits at year 30 in 544.2
EQUITY : LOAN  RATIO 0.0 1.0
Fixed Costs  US$ m HFO Annual Expenses  US$ m Total Load Annual Revenue  US$ Business
Year Transn- sub Total Cost cost Oper- Depre- Fuel Total An  Exp. Factor Annual Tariff Total Other Total Annual  Profit Accum.
mission station Assets $ / ton of ation ciation HFO Expenses  %  GWH  $ cent Sales IncomeRevenueBenefitsTax  atBenefits Year
&dis a Finance b c=a+b d d - c
0 0.0 5.4 5.4 5.4 0.0 0.0 -5.4 -5.4 0
1 5.4 5.4 0 2.9 0.0 2.9 8.3 0.0 0.0 -8.3 -13.7 1
2  5.4 5.4 0 2.6 0.0 2.6 8.0 0.0 0.0 -8.0 -21.7 2
3 5.4 5.4 0 2.2 0.1 1.0 0.0 3.3 8.7 18% 908 0.66 6.0 6.0 -2.7 -24.4 3
4 5.4 5.4 0 1.9 0.1 1.0 0.0 3.0 8.4 19% 959 0.66 6.3 6.3 -2.1 -26.4 4
5 5.4 5.4 0 1.6 0.1 1.0 0.0 2.7 8.1 22% 1110 0.66 7.3 7.3 -0.8 -27.2 5
6 5.4 5.4 0 1.3 0.1 1.0 0.0 2.4 7.8 25% 1261 0.66 8.3 8.3 0.5 -26.7 6
7 5.4 5.4 0 0.9 0.1 1.0 0.0 2.0 7.4 28% 1413 0.66 9.3 9.3 1.9 -24.7 7
8 5.4 5.4 0 0.6 0.2 1.0 0.0 1.8 7.2 31% 1564 0.66 10.3 10.3 3.1 -21.6 8
9 5.4 5.4 0 0.2 1.0 0.0 1.2 6.6 34% 1716 0.66 11.3 11.3 4.7 -16.8 9
10 0.0 0 0.2 1.0 0.0 1.2 1.2 38% 1917 0.66 12.7 12.7 11.5 0.0 -5.4 10
11 0.0 0 0.2 1.0 0.0 1.2 1.2 43% 2170 0.66 14.3 14.3 13.1 0.0 7.8 11
12 0.0 0 0.2 1.0 0.0 1.2 1.2 48% 2422 0.66 16.0 16.0 14.8 0.0 22.6 12
13 0.0 0 0.3 1.0 0.0 1.3 1.3 54% 2725 0.66 18.0 18.0 16.7 0.0 39.3 13
14 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 58.0 14
15 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 76.7 15
16 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 95.4 16
17 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 114.1 17
18 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 132.8 18
19 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 151.5 19
20 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 170.2 20
21 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 188.9 21
22 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 207.6 22
23 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 226.3 23
24 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 245.0 24
25 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 263.7 25
26 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 282.4 26
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27 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 301.1 27
28 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 319.8 28
29 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 338.5 29
30 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 357.2 30
31 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 375.9 31
32 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 394.6 32
33 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 413.3 33
34 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 432.0 34
35 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 450.7 35
36 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 469.4 36
37 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 488.1 37
38 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 506.8 38
39 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 525.5 39
40 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 544.2 40
41 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 562.9 41
42 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 581.6 42
43 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 600.3 43
44 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 619.0 44
45 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 637.7 45
46 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 656.4 46
47 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 675.1 47
48 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 693.8 48
49 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 712.5 49
50 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 731.2 50
51 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 749.9 51
52 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 768.6 52
53 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 787.3 53
54 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 806.0 54
55 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 824.7 55
56 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 843.4 56
57 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.66 20.0 20.0 18.7 0.0 862.1 57
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Available mw 640.0 Exchange  rat 260 Average annual revenue in 14.0 IRR = 16.06%
Reserve   mw (from existing source) Tariff = $cents 0.56 Tariff =SD 1.456 Average annual benefit in U 11.1
Accumulated benefits at year 6 in U-30.9 Accumulated benefits at year 10 in -25.8 Accumulated benefits at year 30 in 444.2
EQUITY : LOAN  RATIO 0.0 1.0
Fixed Costs  US$ m HFO Annual Expenses  US$ m Total Load Annual Revenue  US$ Business
Year Transn- sub Total Cost cost Oper- Depre- Fuel Total An  Exp. Factor Annual Tariff Total Other Total Annual  Profit Accum.
mission station Assets $ / ton of ation ciation HFO Expenses  %  GWH  $ cent Sales IncomeRevenueBenefitsTax  atBenefits Year
&dis a Finance b c=a+b d d - c
0 0.0 5.4 5.4 5.4 0.0 0.0 -5.4 -5.4 0
1 5.4 5.4 0 2.9 0.0 2.9 8.3 0.0 0.0 -8.3 -13.7 1
2  5.4 5.4 0 2.6 0.0 2.6 8.0 0.0 0.0 -8.0 -21.7 2
3 5.4 5.4 0 2.2 0.1 1.0 0.0 3.3 8.7 18% 908 0.56 5.1 5.1 -3.6 -25.3 3
4 5.4 5.4 0 1.9 0.1 1.0 0.0 3.0 8.4 19% 959 0.56 5.4 5.4 -3.0 -28.3 4
5 5.4 5.4 0 1.6 0.1 1.0 0.0 2.7 8.1 22% 1110 0.56 6.2 6.2 -1.9 -30.2 5
6 5.4 5.4 0 1.3 0.1 1.0 0.0 2.4 7.8 25% 1261 0.56 7.1 7.1 -0.7 -30.9 6
7 5.4 5.4 0 0.9 0.1 1.0 0.0 2.0 7.4 28% 1413 0.56 7.9 7.9 0.5 -30.4 7
8 5.4 5.4 0 0.6 0.2 1.0 0.0 1.8 7.2 31% 1564 0.56 8.8 8.8 1.6 -28.8 8
9 5.4 5.4 0 0.2 1.0 0.0 1.2 6.6 34% 1716 0.56 9.6 9.6 3.0 -25.8 9
10 0.0 0 0.2 1.0 0.0 1.2 1.2 38% 1917 0.56 10.7 10.7 9.6 0.0 -16.2 10
11 0.0 0 0.2 1.0 0.0 1.2 1.2 43% 2170 0.56 12.2 12.2 11.0 0.0 -5.2 11
12 0.0 0 0.3 1.0 0.0 1.3 1.3 48% 2422 0.56 13.6 13.6 12.3 0.0 7.0 12
13 0.0 0 0.3 1.0 0.0 1.3 1.3 54% 2725 0.56 15.3 15.3 14.0 0.0 21.0 13
14 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 36.7 14
15 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 52.4 15
16 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 68.0 16
17 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 83.7 17
18 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 99.4 18
19 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 115.1 19
20 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 130.7 20
21 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 146.4 21
22 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 162.1 22
23 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 177.7 23
24 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 193.4 24
25 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 209.1 25
26 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 224.8 26
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27 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 240.4 27
28 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 256.1 28
29 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 271.8 29
30 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 287.4 30
31 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 303.1 31
32 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 318.8 32
33 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 334.5 33
34 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 350.1 34
35 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 365.8 35
36 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 381.5 36
37 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 397.1 37
38 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 412.8 38
39 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 428.5 39
40 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 444.2 40
41 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 459.8 41
42 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 475.5 42
43 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 491.2 43
44 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 506.9 44
45 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 522.5 45
46 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 538.2 46
47 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 553.9 47
48 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 569.5 48
49 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 585.2 49
50 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 600.9 50
51 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 616.6 51
52 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 632.2 52
53 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 647.9 53
54 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 663.6 54
55 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 679.2 55
56 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 694.9 56
57 0.0 0 0.3 1.0 0.0 1.3 1.3 60% 3027 0.56 17.0 17.0 15.7 0.0 710.6 57
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8 
Discussion and conclusions 
  
 This research has an in-depth study of the existing 110KV and 33 KV sub 
transmission network in Khartoum area. The load forecast prepared by NEC and contained in 
its long term power plan has been thoroughly studied. 
 The new generation connected to the national grid is envisaged to be 1000 MW out of 
which approximately 40% will be utilized to supply the largest load center of Sudan in 
Khartoum. Based on the above the Research suggested a comprehensive solution which 
enables the system to cope with all the future plans. 
 The research concluded with solution to remove the bottlenecks in the existing sub 
transmission 110 KV / 33 KV network and to avail  new means of supplying the suppressed 
demand and to maintain reliable, continuous power supply to the required standard. 
 The research phased out of the implementation and suggested  to cope with load 
forecast and generation plans in timely manner. This phasing is thought to be the most 
favorable, technically and economically feasible in view of the economic justification given 
earlier. 
 The specifications of the proposed equipment were carefully selected to meet the 
international standards and fulfill the climatogical requirements of the Sudan and provide 
manageable operation and maintenance facilities to N.E.C. 
 It is strongly recommended, for the maximum benefit of these suggestions to expand 
and upgrade the existing distribution system at both 33 KV and 11 KV levels. This assures the 
stable supply to the end users. 
 
 I
 
 Abbreviation  
 
 
   
1.  A Ampere 
2.  Ah Ampere Hour 
3.  AIS Air Insulated System 
2 BCU Bay Control Unit 
4.  BS British Standard 
5.  C.Ts Current transformers 
6.  DC Direct Current 
7.  DSCR Debt service coverage ratio 
8.  FOW Fibre Optical Wire 
9.  GIS Gas Insulated System 
10.  GWH Giga Watt Hour 
11.  IEC International Electric Commission  
12.  IRR Internal Rate of Return 
13.  IRR Internal rate of return 
14.  KV Kilo Volt 
15.  KW Kilo Watt 
16.  LCB Load Control Board 
17.  LDC Load Dispatch Center 
18.  MVA Mega Volt Ampere 
19.  MW Mega Watt 
20.  NEC National Electricity Corporation 
21.  NiCd Nickel Cadmium 
22.  NPN Net Present Value 
23.  ONAF Oil Natural Air Force 
24.  ONAF Oil Natural and Air Force 
25.  OPGW Optical Fibre Ground Wire  
26.  PBP Pay back period 
27.  SCU Station Control Unit 
28.  SF6 Hixa Sulpharic Fluoride  
29.  V.Ts Voltage transformers 
30.  XLPE Cross Linked Polyethylene Cable 
31.  IP International Protection Rating 
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